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ABSTRACT
The current study investigated the utility of EEG coherence parameters in the diagnosis
of ADHD. Quantitative EEG (qEEG) analyses were performed in 35 college students
with an ADHD diagnosis and 35 control students. Differences between groups were
examined and the diagnostic significance of EEG coherence parameters was assessed by
means of stepwise logistic regression analyses. The relation between inattentive and
hyperactive/impulsive symptoms, as measured by the current symptom scale (CSS) and
EEG coherence parameters was also assessed. Analyses assessing group differences
using individual electrode pairings detected increased interhemispheric frontal beta-wave
coherence in individuals with ADHD. Together, alpha, beta, delta, and theta-wave
principle components allowed for identification of individuals diagnosed with ADHD
with a sensitivity of 80% and a specificity of 71.4%. Moreover, symptoms of inattention
were significantly correlated with EEG coherence values within beta and delta bands,
while symptoms of hyperactivity/impulsivity were significantly correlated with
coherence values within beta and theta bands. Findings warrant continued research, yet
suggest qEEG coherence analyses may enhance current diagnostic procedures used for
identifying ADHD in college populations.
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CHAPTER 1
INTRODUCTION
Attention-Deficit/Hyperactivity Disorder (ADHD) is a multidimensional
neurodevelopmental condition characterized by a consistent presentation of inattentive,
hyperactive, and/or impulsive behavior, which occur more frequently and severely than
usually perceived in individuals at an equal stage of development (American Psychiatric
Association, 2013). Individuals with ADHD represent a heterogeneous group of people
and display deficits to varying degrees within the above core areas (i.e., inattention,
hyperactivity, and impulsivity) as well as related domains (e.g., developmental and
neuropsychological; Weyandt & Gudmundsdottir, 2015). Symptoms that are commonly
present in children and adults include: behavioral disinhibition (Barkley, 1997; Roberts,
Milich, & Barkley, 2015); excessive levels of motor and vocal activity (Wood, Asherson,
Rijsdijk, & Kuntsi, 2009); distractibility and poor attentional vigilance (Roberts et al.,
2015; Boonstra, Oosterlaan, Sergeant, & Buitelaar, 2005); emotional dysregulation
(Barkley, 2015b); and decreased adaptive, intellectual, and executive functioning
(Barkley & Murphy, 2011; Barkley, Murphy, & Fischer, 2008; Brown, 2013; Solanto,
2015; Weyandt & Gudmundsdottir, 2015). Symptom presence is associated with a
number of deleterious outcomes across the lifespan such as educational and occupational
impairment (Barkley, 2015a; Barkley, Fischer, Smallish, & Fletcher, 2006; Dupaul &
Langberg, 2015); impaired interpersonal relationships (Mcquade & Hoza, 2008);
increased dangerous driving (Thompson, Molina, Pelham, & Gnagy, 2007), risky sexual
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behavior (Flory, Molina, Pelham, Gnagy, & Smith, 2006), and reckless spending
behaviors (Groen, Gaastra, Lewis-Evans, & Tucha, 2013); and increased abuse of alcohol
and illicit substances (Charach et al., 2011).
ADHD is considered one of the most prevalent childhood psychiatric disorders;
however, adult referrals continue to increase (Barkley, 2015d). Although prevalence rates
are variable based on the sample population, diagnostic criteria, and assessment
instruments employed, it is estimated that currently 5% of school aged children and 2.5%
of adults have an ADHD diagnosis (American Psychiatric Association, 2013).
Historically, ADHD has been defined as primarily affecting children, with the
dominating belief that youth with a diagnosis would mature out of their symptoms
(DuPaul, Guevremont, & Barkley, 1991; Green & Rabiner, 2012; Weyandt & DuPaul,
2008); however, interest in over-activity in adult patients surfaced in the 1970s as a result
of evidence supporting neurological profiles in adolescents and adults similar to those of
children with hyperactivity (Barkley, 2015d). In the following decades ADHD as a wellfounded disorder in adults gained pervasive acknowledgment (Resneck, 2005). Changes
in the current edition of the Diagnostic and Statistical Manual of Mental Disorders (5th
ed.; DSM-5; American Psychiatric Association, 2013), in which diagnostic criteria is
more reflective of adult presentation, demonstrate continued interest in examining and
improving ADHD diagnosis among adults (Kessler et al., 2010). Further, experts in the
field postulate the broadening acceptance of ADHD as a disorder that affects adults is
likely to increase in future decades (Barkley, 2015d)
It is relevant to note that ADHD symptom presence should be assessed in
accordance with age appropriate expectations (Owens, Cardoos, & Hinshaw, 2015).
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Thus, as a result of maturation, core symptoms of ADHD do recede over time; however,
symptoms typically remain higher in individuals with childhood ADHD than those
without (Biederman, Mick, & Faraone, 2000; Hart, Lahey, Loeber, Applegate & Frick,
1995). Adult presentation and persistence of symptomology is variable, with studies
suggesting symptom severity may decline with age for some patients (as compared to
peers; Owens et al., 2015); however, for other individuals symptom levels persist into
adulthood. Studies suggest that between 46% and 49% of individuals with childhood
ADHD continue to meet full diagnostic criteria, or demonstrate syndromatic persistence,
in adulthood (Barkley et al., 2002; Biederman, Petty, Evans, Small, & Faraone, 2010;
Biederman et al., 2000; Rasmussen & Gillberg, 2000). However, statistics are larger
when exploring symptomatic endurance, or individuals who fall short of symptom criteria
but demonstrate functional impairment (Owens et al., 2015). For instance, results from
one study suggests up to 85% of adults with childhood diagnoses display symptomatic
persistence (Biederman et al., 2010). Moreover, there is increasing evidence supporting
the dimensional view of ADHD, with the conceptualization that symptoms exist on a
spectrum ranging from absence of impairment to presence of ADHD diagnosis (Balázs,
& Keresztény, 2014; Barkley, 2014).
Despite symptom persistence, research has indicated extensive change in the
behavioral profiles of individuals with ADHD between childhood and adulthood,
specifically in reductions of hyperactive components (Bresnahan et al., 1999; Hallowell
& Ratey, 1994; Hechtman et al., 1984; Wender, 1998). Even so, symptom presence is
related to a number of functional impairments specific in adults. Namely, increased
interpersonal difficulties are found in adults with ADHD, who demonstrate higher rates
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of divorce (Biederman et al., 1993), decreased marital satisfaction (Barkley & Murphy
2010; De Quiros & Kinsbourne, 2001; Murphy & Barkley, 1996), and increased
likelihood of extramarital affairs. Adults with ADHD also display diminished financial
and occupational functioning (Dequiros & Kinsbourne, 2001; Mannuzza, GittelmanKlein, Bessler, Malloy, & LaPadula, 1993), and have been found to be rated below
average at job performance by employers (Weiss & Hechtman, 1993), have lower
socioeconomic status than peers (Klein et al., 2012; Weiss & Hechtman, 1993), and hold
exaggerated dysfunctional career beliefs (Painter, Prevatt, & Welles, 2008). Further,
adversities in adulthood are not limited to the disorder’s current presentation, but rather
carry over from childhood symptoms. Particularly, adults with a childhood diagnosis of
ADHD acquire inferior education and earn lower grades while in high school (Barkley,
Fischer, Smallish, & Fletcher, 2002; Mannuzza et al., 1993), which may affect
experiences later in life.
Despite the aforementioned symptomology and associated functional impairments
in adults with syndromal and sub-syndromal ADHD, the disorder remains less
understood in adults as compared to children (Barkley et al., 2010). Complicating this
understanding is the distinction between syndromatic and symptomatic persistence in
adulthood. Advancing knowledge about the disorder, as well as related symptoms, in
adults can lead to improved assessment procedures and subsequent treatments. The
objective of the current study is to contribute to the literature on adults through the
exploration of syndromatic ADHD, as well as its core symptoms, with a focus on the
specific subgroup of young adults who attend college.
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College Populations. The subgroup of young adults with ADHD who pursue postsecondary education is of particular interest due to their enduring deficits in spite of
relative academic achievement when compared to peers with the disorder (DuPaul et al.,
2009). Specifically, this group possesses several protective factors including increased
cognitive capacity, historical success in school, and improved coping abilities (DuPaul et
al., 2009; Glutting, Youngstrom, & Watkins, 2005). Despite these advantages, as
compared to peers with ADHD who do not attend college, this subset continues to face
significant academic difficulties and has demonstrated lower over-all quality of life, as
compared to college students without ADHD (Grenwald-Mayes, 2002).
Concerning academic performance, young adults with ADHD pursing postsecondary degrees have lower grade point averages (ranging from 0.5 to 1 standard
deviations below non-diagnosed peers; Heiligenstein et al., 1999), an increased likelihood
of being placed on academic probation, and are less likely to graduate (Frazier et al.,
2007; Heiligenstein et al., 1999; Murphy, Barkley, & Bush, 2002; Wolf, 2001). Applying
self-report measures of symptomology, Lewandowski, Lovett, Codding, and Gordon
(2008) found that college students with ADHD reported difficulty completing timed
exams, longer duration to complete assessments, and increased effort to attain academic
goals. Further, Blasé and colleagues (2009) indicated that college students with ADHD
reported diminished confidence in their ability to achieve in their academic endeavors.
Other researchers have demonstrated that college students with ADHD express concerns
regarding impaired memory and concentration, as well as procrastination (Green &
Rabiner, 2012).
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Deficits that extend beyond the classroom in college students with ADHD have
also been explored. In terms of emotional wellbeing, findings have been inconsistent.
Despite methodological concerns (Green & Rabiner, 2012), similar studies performed by
Heiligenstein and colleagues (1999) and Wilmhurst (2002) found no differences in
psychological distress between students with and without ADHD diagnosis. Although,
several studies have demonstrated greater emotional difficulties in students with ADHD,
including diminished levels of self-esteem (Dooling-Litfin & Rosén, 1997; Shaw-Zirt et
al., 2005), increased self-reports of psychological difficulties, and elevated overall
psychological distress (Richards, Deffenbacher, & Rosen, 2002; Richard, Rosen, &
Ramirez, 1999; Weyandt, Rice, Linterman, et al.,1998). It has also been demonstrated
that college students who show symptoms of ADHD are more likely to engage in
substance use (Upadhyaya et al., 2005) and to abuse drugs other than alcohol (i.e.,
tobacco and marijuana).
Few studies have been published explicitly examining social functioning in
college individuals with ADHD, yielding inconclusive results. Initial research from
samples of students with ADHD who sought counseling services did not report elevated
interpersonal problems, as compared to counseling patients without the disorder
(Heiligenstein et al., 1999); however, the exclusive sample employed in the study has
been criticized (Green & Rabiner, 2012). More recent evidence suggests increased selfreports of social concerns in college students with ADHD (Shaw-Zirt, et al., 2005).
Regarding romantic relationships, Canu and Carlson (2003) found that university males
with inattentive symptoms (based on DSM-IV diagnostic criteria; American Psychiatric
Association, 2000) achieved dating milestones later than individuals with combined
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symptomology as well as control participants. Further, Theriault and Holmberg (2001)
revealed that college students with self-reported ADHD diagnosis were more likely to
display physical and sexual aggression within intimate relationships.
Despite individuals with ADHD being less likely than non-disordered peers to
pursue post-secondary education, with approximately 5% of individuals with a diagnosis
in high school pursuing college, between 2 and 8 % of students on college campuses have
a diagnosis of ADHD (Glutting, Sheslow, & Adams, 2002), comprising roughly 25% of
students who receive disability services. Coupled with the discussed impairments
associated with ADHD in this population, these rates illustrate the importance of
understanding the disorder in young adults in order to improve social and academic
success within post-secondary educational settings (Green & Rabiner, 2012). Yet, it is
important to note the variability in identification of college students with ADHD based
on assessment procedures employed (Dupaul et al., 2009). As such, observing best
practice procedures when evaluating college students for ADHD is imperative; a
discussion of assessment procedures follows.
Assessment of Adult ADHD
Although symptoms of ADHD need be present prior to the age of 12 years
(American Psychiatric Association, 2013), individuals may not seek an initial diagnosis
until adulthood. For many adults, childhood symptoms of ADHD are overlooked as
behavioral problems or misdiagnosed due to common comorbidities and symptom
overlap (Young, Toone, & Tyson; 2003). In addition, there are several reasons for
delayed diagnosis specific to young adults in college, particularly relating to the demands
of the university setting. Namely, the high demand climate may influence formerly

7

unidentified individuals to pursue a diagnosis as a means to receive accommodations
and/or treatments (i.e., medications) that may augment academic performance (Advokat,
Lane, & Luo, 2011). Moreover, as previously discussed, university students with ADHD
likely possess superior cognitive skills as compared to diagnosed peers who do not attend
college. As such, demands throughout primary and secondary education may have been
manageable, despite presence of the disorder. Ultimately, unidentified individuals with
symptoms may initially seek assessment as a result of separation from previous support
systems, making prior coping skills less accessible (Dupaul et al., 2009; Heiligenstein,
Guenther, Levy, Savino, & Fulwiner, 1999; Thomas, Rostain, Corso, Babcock, &
Madhoo, 2015). Despite having matured without an ADHD diagnosis, unidentified adults
display low self-esteem, hopelessness, and under achievement (Rucklidge & Kaplan,
1997). Further, achieving an accurate diagnosis is linked to a reduced sense of failure and
increased self-esteem (Murphy & Barkley, 1995). Inevitably, the careful assessment of
ADHD in adulthood is important because an accurate diagnosis not only allows for
suitable intervention but also describes confounding frustrations.
Current diagnostic criteria for ADHD is outlined in the Diagnostic and Statistical
Manual of Mental Disorders- Fifth Edition (DSM-5; American Psychiatric Association,
2013). While a comprehensive description of DSM-5 criteria is beyond the scope of the
current paper, it is noted that there are 2 categories of symptomology: inattentive and
hyperactive/impulsive. From these categories, 5 or more symptoms must be present for
individuals aged 17 years and older to meet diagnostic criteria. These criteria specify that
individuals must display symptoms for at least 6 months and symptoms must have
developed by the age of 12 years. Additionally, to meet diagnostic criteria, these
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symptoms must exist across multiple settings and cause impairment in or reduced quality
of social and academic/ occupational functioning. These criteria provide a framework for
diagnosis; however, currently there is no single diagnostic measure for the identification
of ADHD in children or adults (American Psychiatric Association, 2013). Rather, best
practices consist of a multi-method, multi-informant comprehensive assessment, and
ideally include a clinical interview, medical examination, self-report rating scales, ratings
from other informants, and structured tasks of attention and impulsivity (Ramsay, 2015;
Roy-Bryne et al., 1997).
Assessment Issues in University Settings. Research has indicated that best
practice protocols are seldom observed completely when examining adult ADHD (RoyByrne et al., 1997), including during evaluations of college students (Green & Rabiner,
2012). Strictly speaking, inattentive and hyperactive/impulsive symptoms prior to the age
of 12 years are often inadequately examined, as clients may have poor recollection of
behavioral history (Wender, 1997) and conceivably lack supporting developmental
documentation (i.e., report cards, teacher evaluations; Roy-Byrne et al., 1997).
Unfortunately, multiple informants are often not employed, as college-aged clients
seldom include another individual (i.e., parent) in the assessment. Similarly, there are
limited opportunities to obtain behavioral observations in multiple settings (Heiligenstein
et al., 1999). Additionally, differential diagnoses (e.g., depression, anxiety) are often
insufficiently explored (McGough & Barkley, 2004).
Due to the absence of several best practice methods, university settings may be
relying more heavily on self-reports of symptomology. This is alarming, as ADHD
assessments of college students completed using self-report measures display a 1 – 7 %
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increase in diagnosis rate, as compared to those completed using multi-informants
(Dupaul et al., 2009). Furthermore, self-report measures are often insensitive to detecting
individuals with ADHD. Several studies have demonstrated that adults with ADHD selfreport fewer symptoms as compared to other informants (Barkley et al., 2002; Zucker,
Morris, Ingram, Morris, & Bakeman, 2002), while adults without the disorder self-report
more symptoms (Glutting, Youngstrom, & Watkins, 2005; Murphy & Schacar, 2000).
Moreover, despite the presence of ADHD, few differences exist amongst self-reported
experience of symptoms between patient and control groups (Katz, Petscher, & Welles,
2009).
Another important consideration when exploring the presence of ADHD in adults
is the potential of symptom malingering (Harrison, Edwards, & Parker, 2007; Quinn,
2003), which is particularly prevalent in college age individuals who may have
significant incentive to “fake bad” (Ramsay, 2015; Sollman, Ranseen, & Berry, 2010).
Schools are legally required to provide accommodations to individuals with disabilities,
including those with ADHD (McGuire, 1998). Such accommodations may be appealing
for students motivated to evade standard course policies, allowing for extended time to
complete written assignments and exams, additional clarification on assignment
instructions, and reduced homework.
Further, prescribing stimulant medication (e.g., Adderall) typically accompanies
the diagnosis of ADHD. A recent meta-analysis suggests approximately 17% of students
have misused ADHD medication (Benson, Flory, Humphreys, & Lee, 2015), which may
occur for several reasons. For one, such medications can be effective in mitigating
attentional deficits despite the presence of a true disorder (Rapoport, Buchsbaum, Zahn,

10

Ludlow, & Mikkelsen, 1978). Students may also feign ADHD symptoms to acquire
medication for recreational means (Green & Rabiner, 2012; Harrison, Edwards, &
Parker, 2007; Rabiner et al., 2009). For example, in a study employing students enrolled
in a public university where fewer than 2% of the population had been prescribed
methylphenidate, Babcock and Byrne (2000) noted that approximately 16% of students
endorsed having taken methylphenidate recreationally. Likewise, students may acquire
stimulant medication to sell/distribute it to other individuals (Dupaul et al., 2009). Thus,
despite the specific incentive to acquire medication, there is evidence that indicates the
evaluation of ADHD in post-secondary educational settings warrants improvement to
possibly reduce the misuse of ADHD medication.
Moreover, in addition to the discussed insensitivities of self-report measures,
these questionnaires are particularly vulnerable to symptom feigning. The ability of
questionnaires commonly employed during ADHD diagnosis to detect malingering of
symptoms has been widely explored (e.g., Harrison, Edwards, & Parker 2007; Quinn,
2003; Sollmon et al., 2010). Quinn (2003) found that college students can easily fake
both childhood and present symptoms of ADHD. Supporting this finding, Sollmon and
colleagues (2010) noted that self-report measures have no value in distinguishing ADHD
from feigned symptoms. Similarly, Harrison and colleagues (2007) demonstrated that
college students randomly assigned to fake symptoms of ADHD were able to do so on a
commonly used self-report measure of ADHD symptomology (Conners Adult ADHD
Rating Scale [CAARS]; Conners, Erhardt, & Sparrow, 1999). Yet, faking bad extends
beyond self-report measures, and can include feigned performance on more objective
assessment tools. Results regarding continuous performance tasks’ (CPT) ability to detect
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feigned symptoms are inconclusive: Sollmon and colleagues (2010) found CPT measures
to be ineffective in distinguishing between true and feigned symptoms, although Quinn
(2003) found CPT measures to be successful in doing so. Harrison and colleagues (2007),
also found that those feigning symptoms of ADHD performed poorly on measures of
processing speed, with the fraudulent group performing worse than the ADHD group and
the ADHD group performing worse than the control group. Further, Sollmon and
colleagues (2010) found that students prompted to feign ADHD tended to exhibit
increased cognitive deficits, yet not at a sufficient level to differentiate from those with
ADHD.
Overall, the deviations from best practice assessment protocols illustrate the need
for improved ADHD evaluations in post-secondary educational settings. As a result of
insensitivities of self-report measures, individual motivations to pursue an ADHD
diagnosis, and inability of assessment tools to detect symptom malingering, results from
self-report behavioral rating scales should not be used in isolation (Dupaul et al., 2009).
Consequently, the current study proposes to explore the relation between neural activity
and presence of ADHD diagnosis and symptomology. This research intends to contribute
to extant literature by investigating a reliable method of distinguishing between
university students with clinical ADHD and those seeking diagnosis without presence of
a legitimate disorder. Due to the neurodevelopmental nature of the disorder, neurological
markers may aid in making this distinction. Thus, a discussion of the neurological
underpinnings of ADHD occurs in the following section.
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Neuro-biomarkers of ADHD
There is consensus among experts in the field that ADHD is a
neurodevelopmental disorder (American Psychological Association, 2013; Barkley,
2015), signifying deficits early in development within the central nervous system
generate the observed impairments in behavioral functioning. As such, neural markers
pose the potential of contributing to the identification of ADHD. Despite the agreement
that ADHD results from malfunction within the central nervous system, the nature of this
neural breakdown is not fully understood (Clarke et al., 2002). This lack of understanding
is exacerbated by the heterogeneous nature of the disorder. While there are multiple
etiologies that contribute to the occurrence of ADHD, including the interplay between
genetic/neurological influences and the environment, a thorough discussion of these
causes is not addressed in the current paper. However, an overview of neurological
influences is provided, including structural and functional findings from individuals with
the disorder.
Research has demonstrated structural differences in the brains of individuals with
and without ADHD (Barkley, 2015c). Early studies using magnetic resonance imaging
(MRI) found size differences in select brain regions, including significantly smaller
anterior right frontal regions, caudate nuclei, and globus pallidi in children with ADHD
(Aylward et al., 1996, Castellanos et al., 2002; Filipeck et al., 1997). In addition to
smaller size, there is evidence of decreased neurometabolite activity in the right frontal
region (Yeo et al., 2003) and bi-lateral white matter differences in the parietal and
occipital lobes. According to more recent reviews, the primary differences between
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subjects with and without ADHD are found in the cerebellum, right putamen/globus
pallidus regions, and global gray matter volumes (Barkley, 2015c).
In terms of functional abnormalities, early studies employing psychophysiological
measures did not consistently detect group differences between youth with and without
ADHD (e.g., Ferguson & Pappas, 1979); however more recently, arousal disturbances on
measures such as electroencephalography (EEG) and galvanic skin responses has been
found in more current research (Barkley, 2015c). Nonetheless, even more consistent are
the results from quantitative EEG (qEEG), with the most consistent pattern being
increased theta activity and decreased beta activity (Loo & Makieg, 2012). Based on the
focus of the current paper due to the proposed utility of this tool, a more thorough review
of qEEG literature is presented in a later section.
In addition to qEEG, many recent studies have examined brain aberrations in
individuals with ADHD using functional neuroimaging. For instance, studies employing
single-photon emission computed tomography (SPECT) have shown decreased blood
flow to prefrontal regions in the right hemisphere as well as pathways connecting these
regions to the limbic system and cerebellum (Barkley, 2015c; Hendern, De Backer, &
Pandina, 2000). These findings have been correlated with behavioral severity as well as
motor impairment (Gustafusson, Thernlund, Ryding, Rosen, & Cerderblad, 2000) and
map onto EEG findings. Further, SPECT research has demonstrated that brain activity in
these areas appears to be affected by methylphenidate (Langleben et al., 2002). Position
emission tomography (PET) methodologies exploring metabolic activity in brain regions
(i.e., frontal, right mid-brain) have further aided in demonstrating a causal relationship
between brain activity and behavior (Barkley, 2015c; Ernst et al., 2003; Schweitzer et al.,
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2000; Zametkin et al., 1990). Additionally, functional magnetic resonance imaging (MRI)
studies have supported the connection between brain structural abnormalities (i.e., right
frontal areas, cerebellum, basal ganglia) and functional difficulties in these brain areas as
well as symptom severity. Moreover, fMRI research has found reduced functional
connectivity in networks in the frontostriatal, frontoparietal, and frontocerebeller zones
(Cubillo & Rubia, 2010; Tian et al., 2006; Yu-Feng et al., 2007), as well as the
sensorimotor cortex and cerebellum. Again, these functional abnormalities have shown
improvement with administration of methylphenidate (An et al., 2013). Altogether the
literature poses the structural and functional findings illustrate aberrations in the
“development and functioning of the frontal-striatal-cerebellar regions underlie ADHD”
(Barkley, 2015c, pp. 366).
Electroencephalogram. While the neurological nature of ADHD has been
demonstrated, the following discussion illustrates the importance of improving the
current understanding of EEG correlates in individuals with ADHD. Compared to other
methods of studying neural activity, EEG is relatively low-cost, portable, and noninvasive (Green et al., 1985), yielding increased feasibility for clinical application.
Electroencephalogram is a method of measuring electrical activity in the brain by use of
electrodes placed on the scalp. Specifically, these electrodes detect the pooled
electrochemical signals of cortical neurons and record neural oscillations across multiple
frequencies as measured in hertz (hz). The standardized method for electrode placement
developed by Jasper (1958), better known as the 10-20 International system of electrode
placement, provides distinction between frontal, central, temporal, and occipital areas of
the scalp. Analysis of the computerized EEG signals, or quantitate EEG (qEEG), holds
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direct clinical application in detecting abnormal activity that may be representative of
psychopathology. Accordingly, EEG is an advantageous tool for studying disorders with
neurological origins, such as ADHD. Further, substantial evidence exists indicating the
utility of EEG to distinguish neural variations between individuals with and without
ADHD (e.g., Arns, Conners, & Kraemer, 2013; Snyder & Hall, 2006; Loo & Makeig,
2012).
Quantitative electroencephalogram research over the past several decades has
displayed a relatively consistent pattern of differences between children with and without
ADHD when employing absolute and relative power approximations, average
frequencies, and power ratios. These findings include increased theta activity (slow wave;
primarily in frontal regions; (Clarke et al., 1998, 2001; Janzen et al., 1995; Satterfield et
al., 1972), decreased relative alpha-wave power in posterior regions (Clarke et al. 1998,
2001; Matousek et al., 1984), and decreased delta and beta activity in posterior regions
(Clarke et al., 1998, 2001; Lazzaro et al, 1998; Mann et al., 1992). Youth with
diagnosed attention deficits also have demonstrated increased power ratios across the
following comparisons: delta/theta, theta/ alpha, and theta/beta (Clarke et al., 2001).
The theta/beta ratio has been the most frequently noted EEG pattern in children
(Barry, Clarke, McCarthy, & Selikowitz 2009; Clarke et al., 2001; Janzen et al., 1995;
Kuperman, Johnson, Arndt, Lindgren, & Wolraich, 1996; Lubar, 1991; Loo & Makeig,
2012; Monastra, Lubar, & Linden, 2001; Ogrim Kropotov, & Hestad, 2012; Snyder &
Hall, 2006). This assertion holds validity as research has substantiated that increased
theta-wave power is associated with hyperactivity and decreased beta-wave power is
associated with reduced attention (Lubar, 1991; Arns, Gunkelman, Breteler, & Spronk,
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2008). Though, a recent meta-analysis noted the theta/beta ratio as being an unreliable
diagnostic measure of ADHD (Arns et al., 2013). Regardless of such findings, research
continues to generally conduct analyses using the theta/beta ratio and other power
measures.
A review of the literature also indicates that the specific presentation of ADHD
symptomology influences differences in EEG activity in children (Barry et al., 2009;
Chabot & Serfontein, 1996; Dupuy, Barry, Clarke, McCarthy, & Selikowitz, 2013;
Hermens, Kohn, Clarke, Gordon, & Williams, 2005). In a study examining ADHD in
children based in DSM-IV (American Psychiatric Association, 2000) diagnostic criteria,
youth diagnosed with inattentive ADHD had similar but less extreme EEG abnormalities
to children with combined presentation. Further, it was found that children with
combined presentation had EEG abnormities in the frontal regions that were absent in
children with primarily inattentive symptoms (Clarke et al., 2001). Such dissimilarities
in EEG patterns between children with the combined and inattentive presentations of
ADHD suggest that differences in behavior are reflected electrophysiologically.
Investigations using EEG to study ADHD are not limited to children, as research
examining EEG dissimilarities between adults with and without ADHD has grown in
recent years. It has been demonstrated that EEG disparities between youth with and
without a diagnosis are distinct from dissimilates within adult populations. Such findings
are likely connected to age related neurodevelopmental changes (Barry, Clarke, &
Johnstone, 2003; Bresnahan, Anderson, & Barry, 1999; Bresnahan & Barry, 2002; ).
Particularly, some studies have demonstrated that increased theta-wave power remains in
adolescence and adulthood; however, beta-wave power seems to regulate with age
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(Bresnahan, Anderson, & Barry, 1999; Bresnahan & Barry, 2002; Skirrow et al., 2013).
As noted, hyperactivity related symptoms often diminish with age, while inattentive and
impulsive symptoms persist (Bresnahan et al., 1999; Hallowell & Ratey, 1994; Hechtman
et al., 1984; Wender, 1998). Such assertions coupled with neurological findings have led
researchers to postulate that abnormal theta-wave activity is related to impulsivity, while
beta-wave activity is associated with hyperactivity, illuminating the neural correlates of
hyperactivity normalization (Loo & Barkley, 2005). However, this hypothesis
contradicts research suggesting beta-wave activity is associated with reduced attention.
Moreover, additional research must be conducted within adult populations to better
understand age related changes in brain activity and the associated symptomology.
Despite the extent literature employing EEG in adult populations, previous
research has not examined in isolation the subgroup of young adults that are enrolled in
post-secondary education. This differentiation is critical considering the aforementioned
distinctions between ADHD populations that attend college and those that do not, as
behavioral differences may be evident in EEG presentations. Also, this population
should not be neglected in research considering the sizable brain alterations that occur
during the period of adolescence and young adulthood through synaptic pruning and
reductions in gray matter, which are evident in EEG profiles as general reductions of
slow-wave activity (Whitford et al., 2007). As such, the current study focuses on the
EEG differences between young adults enrolled in college with ADHD and control peers.
Electroencephalogram Coherence. As noted, the majority of EEG research has
employed power estimates, delivering minimal information concerning the pairing of
neural activity between distinct electrode sites. The coherence of EEG activity between
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pairs of electrodes is conceptualized as the correlation in the time domain between two
indicators in a particular frequency band (Shaw, 1981). This technology delivers
information regarding the functional connectivity between structures underlying the
electrode pairs used to calculate the coherence value. Cyclical patterns of coherence have
been observed across development, which confounds the interpretation of dissimilarities
in coherence. Typical neural development prior to adulthood includes phases of both
synaptic production and pruning, which likely contributes to fluctuating coherence levels
(e.g. Thatcher et al., 1987; Thatcher, 1994). Thatcher and colleagues (1986) proposed a
dual model of connection in which short and long neuronal fibers differ in their
contribution to EEG coherence based on inter-electrode distance. Coherence is primarily
dependent on these fibers alone at longer distances, where increases in coherence are
related to their density. Contrastingly, at shorter distances increased density of fibers is
related to reduced coherence. This two-component model is present in much of the
current coherence research (Barry et al., 2002). As such, the current study will include
theoretically derived coherence regions of interest that include both short and long
interelectrode distances.
A nominal number of studies have investigated EEG coherence in the context
ADHD. Montagu (1975) found that hyperkinetic children had slightly reduced
interhemispheric coherences (2 – 10 hz) and elevated right intrahemispheric coherences,
as compared to children without symptoms. Chabot and Serfountein (1996) and Chabot
and colleagues (1996) reported that children with attention deficits had increased
interhemispheric and intrahemispheric coherence in frontal and central regions, as well as
hypo-coherence in parietal regions. Supporting these findings, Chabot and colleagues
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(1999) again found increased frontal interhemispheric coherences, specifically in theta
and alpha bands. Additionally, bilateral intrahemisperic hypo-coherence was found in
fronto-temporal regions. In a separate analysis, Barry and colleagues (2002) found
substantial increases in theta-wave coherence and reductions in delta-wave coherence for
interhemispheric and short distance intrahemispheric measures, with a delta reduction
also apparent in longer interelectrode distances. Consistent with Chabot and colleagues
(1999), frontally children with the disorder also had coherences elevated in the alpha and
theta bands, as well as reduced coherences in the delta band (Barry et al., 2002). Lastly,
Clarke and colleagues (2005) found that children with ADHD had reduced theta
coherence at long interelectrode distances as well as reduced lateralization at both long
and short medium inter electrode distances as compared to children without ADHD.
Within group differences have also been found in children with ADHD on
measures of coherence. Specifically, Barry and colleagues (2002) found children with
combined symptomology had greater intrahemispheric theta and beta coherences than
children with primarily inattentive symptoms. Also, youth with combined symptomology
had increased interhemispheric coherence in in delta and theta bands, as well as elevated
beta coherence in central/parietal/occipital regions. In terms of gender dissimilarities,
boys typically exhibit interhemispheric alpha hypo-coherence in the temporal region and
interhemispheric theta hyper-coherence in the central/parietal/ occipital regions (Barry et
al., 2002; Barry et al., 2011; Clarke et al., 2005). Girls do not generally show these
patterns (Barry, Clarke, McCarthy, & Selikowitz, 2006; Dupuy, Clarke, Barry,
McCarthy, & Selikowitz, 2008); however, research has demonstrated that female children
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with ADHD display theta hypo-coherence in frontal and temporal regions (Barry et al.,
2005).
Concerning adults with ADHD, only one study has been published exploring EEG
coherence in this population (Clarke et al., 2008). After recording EEG activity in males
with ADHD during eyes-closed conditions and employing an age and gender matched
control group, coherence was calculated in 8 interhemispheric and 8 intrahemispheric
electrode pairs. Results yielded a laterality effect in the delta band, where those with
ADHD displayed less hemispheric differences than those without ADHD. Additionally,
the ADHD group demonstrated lower coherences in the alpha band than the control
group. No differences were found in theta and beta bands. The authors postulate that this
was because adults experience reduced levels of hyperactivity, which is likely associated
with theta activity. Further, reduced alpha may be associated with inattention and delta
abnormalities may develop in adolescence and adulthood.
Current Study
The current studies aims to explore the connections between qEEG coherence and
both ADHD diagnosis and symptomology in college students. This research is important
given the clinical application of EEG technology as well as the limited supporting
evidence regarding electrophysiological presentations within this population. Research
examining the qEEG underpinnings of both the syndrome itself and related symptoms in
young adults adds to the understanding of ADHD’s neural presentation beyond youth,
which is currently relatively limited (Barkley et al., 2010). This is important, as such
research can contribute to the development of an objective measure of ADHD due to the
clinical utility and feasibility of EEG. Further, no studies have examined EEG correlates
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in exclusively college populations—a subgroup of adults that would likely benefit from
objective assessment tools during evaluations, as measures for diagnosing ADHD that are
not susceptible to symptom feigning are needed in this population due to straying from
best practice protocols in university settings (i.e., reliance on self-report measures) and
various motivations to malinger ADHD symptoms.
In addition to the development of objective diagnoses tools, understanding the
neural underpinnings of core symptoms (vs. diagnosis) can contribute to a better
understanding of the trajectory of the disorder. Researchers have noted neural differences
between children and adults with ADHD (e.g., Clarke et al., 2008), with speculation that
these patterns are related to distinct behavioral presentations. Coupled with the findings
that, despite some adults growing out of syndrome criteria with age, symptoms often
persist in adult populations (i.e., leading to a variety of functional impairments;
Biederman, Mick, & Faraone, 2000; Hart, Lahey, Loeber, Applegate & Frick, 1995; Loya
& Hinshaw, 2013), exploring the relations between symptoms (i.e., regardless of
diagnosis) and neural activity can provide a more comprehensive depiction of attention
deficits in adults.
Currently, Clarke and colleagues (2008) have conducted the only study exploring
EEG coherence in adults with ADHD; however, this study excluded female participants.
Results suggested some patterns of atypical coherence remain in adulthood, namely in
alpha bands; however, most atypical markers (e.g., within theta bands) had appeared to
normalize with age. Also, adults with ADHD displayed atypical coherence activity in
delta bands that have not been found in studies involving youth. Given the disparities
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between the authors’ study and EEG research involving children with ADHD, additional
studies are warranted.
The current study has two goals: 1) to explore group differences between
individuals with and without ADHD, as measured by qEEG coherence; and 2) to examine
the relationship between qEEG coherence and ADHD symptomology, regardless of
group memberships. Further, the current study poses the following questions:
(1.a.) Do college students with an ADHD diagnosis differ from college students
without an ADHD diagnosis on measures of qEEG coherence?
(1.b.) Can measures of qEEG coherence accurately predict group membership
between college students with an ADHD diagnosis and college students without an
ADHD diagnosis?
(2.a.) Is qEEG coherence activity related to inattentive symptoms, as measured by
a self-report questionnaire, in college students with and without an ADHD diagnosis?
(2. b.) Is qEEG coherence activity related to hyperactive/impulsive symptoms, as
measured by a self-report questionnaire, in college students with and without an ADHD
diagnosis?
Regarding the first research question, it is hypothesized that group differences
will be found between college students with and without an ADHD diagnosis on
measures of qEEG coherence. Further, it is postulated that qEEG coherence parameters
will be significant in predicting group differences between individuals with and without
ADHD. Both hypotheses are based on the sum of evidence suggesting
electrophysiological differences between individuals (i.e., children and adults) with and
without ADHD (e.g., Barry et al., 2009; Bresnahan et al., 1999). In terms of the second
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research question, it is hypothesized that qEEG coherence scores will be correlated with
scores of inattentiveness but not impulsivity/hyperactivity (Clarke et al., 2008).
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CHAPTER 2
METHOD
Participants
Participants consisted of 70 undergraduate students (19 males, 51 females)
between the ages of 18 and 27 years (M age = 20.41, SD = .50). Thirty-five participants
(23 females, 12 males) reported that they had been previously diagnosed with ADHD by
a physician. Of these individuals, 12 students reported having taken prescription
medication for ADHD prior to attending session.
The current study includes participants retrieved from archival data of three
research studies conducted by the Applied Cognitive Neuropsychology lab at the
University of South Carolina, a public university in the southeast of the United States.
Together, these studies resulted in data from 76 undergraduate participants. To be
included in the current study, participants had to be between the ages of 18 and 30-years,
complete the ADHD self-report Current Symptoms Scale (CSS; Barkley & Murphy,
2006), and have at least one minute of analyzable EEG data. Two participants were
excluded from analyses due to incomplete CSS measures and four participants were
excluded due to incomplete EEG data.
Procedure
Data included in the study were from three research studies, which all used
comparable procedures. Prior to attending the testing session, participants provided
demographic information including presence of ADHD diagnosis, age of diagnosis, and

25

whether they were currently prescribed with the student. Next, participants completed
ADHD medication. Upon arriving to the session, study staff reviewed consent documents
the CSS. Following scale completion, participants were fitted with a standard 19-channel
Electro-Cap (Electro-Cap International, Inc.) which utilizes the international 10-20
system for electrode placement (see Figure 2.1). Ground leads were placed on
participants’ ears. Impedance was kept below 10KΩ (i.e., below 5 KΩ for most
participants) for each electrode and ground leads. Recordings for resting conditions (3
minutes eye-open, 3 minutes eyes-closed) were gathered. Research has demonstrated
utility in both eyes-open and eyes-closed conditions (Barry et al., 2007). In line with
previous research exploring ADHD symptomology (e.g., Clarke et al., 2008), eyes-closed
resting conditions were included in the current analyses.
Measures
Current Symptoms Scale—Self Report form (CSS). The CSS is a self-report
questionnaire consisting of 18 items derived from DSM-IV (American Psychiatric
Association, 2000) symptoms that is used to assess inattentive and hyperactive/impulsive
behaviors. The CSS employs a 4-point Likert scale, with responses ranging from
“Never/Rarely” to “Often.” The total score on the CSS ranges from 0-54 points across all
items, with inattentive scores ranging from 0-27 points and hyperactive-impulsive scores
ranging from 0-27 points (Barkley & Murphy, 2006). The CSS can be scored in two
ways: by total score, or by the number of symptoms endorsed as “often” or “very often”.
While the latter method is traditionally used to determine whether an individual meets
ADHD diagnostic criteria, in the current study symptom levels were calculated by total
score. Although both methods may be used to validly represent continuous symptoms of
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ADHD, this was chosen as it is more sensitive to the severity of inattentive and
hyperactive symptoms reported, which allows for the examination of sub-syndromatic
individuals who may still exhibit impairments. This method has been employed in studies
exploring symptom severity and in populations that include non-clinical participants.
(Knouse & Safren, 2009; Lerman et al., 2001; Upadhyaya et al., 2005). The CSS has high
internal consistency, with reliability coefficients ranging from .84 to .95 in adult
populations (Katz et al., 2009; Zucker et al., 2002). In the current study, the CSS has an
internal consistency reliability coefficient of 0.92 as measured by Cronbach’s alpha,
which is commensurate with values reported in previous literature. Also, the CSS has
high criterion validity scores that are established with a significant association with
educational status (Barkley, 1998; Katz et al., 2009).
EEG. Dell laptop computers were used in the administration, data collection, and
data analysis of the EEG recordings. The BrainMaster Discovery 24E amplifier was used
with Neuroguide 6.6.4 program (Thatcher, 2011) to record raw EEG data between 0.43
and 80 Hz. While the amplifier has the capacity to sample at 1024 samples per second,
the data rate of the computer is much slower (i.e., 256 samples per second). The
BrainMaster Discovery 24E amplifier was selected due to its compatibility with
Neuroguide, which was used to collect and analyze the raw EEG data and create qEEG
data. This amplifier has been used in comparable analyses with Neuroguide (i.e.,
Donaldson, Rozell, Moran, & Harlow, 2012) and this combination of software was
recently suggested (Lubar, 2014). The Neuroguide acquisition module employs a highpass filter at 0.5 Hz and a low-pass filter at 50 Hz to separate out noise from other
electronic devices in the laboratory (e.g., other computers, cell phones, building
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generators; Wigton & Krigbaum, 2015). Reliability coefficients for qEEG are >.85.
MATLAB 2007b (Mathworks, Inc.), Microsoft Office 2007, and SPSS (version 24; IBM,
2016) were used for the final data organization and analysis.
Data Analysis
Prior to conducting analyses, EEG data were manually inspected to choose a
minimum of ten seconds of artifact-free information in at least one-second epochs within
the first minute of each recording. Following visual inspection, drowsiness and eye
movement rejections were employed through Neuroguide (Thatcher, 2011) software in
order to eliminate artifact indicative of these features. Then, the automatic selection
function was applied, which automatically selects data within the sample that models
manually-selected. A minimum of one minute of artifact-free data was selected from each
recording. After artifacting, data from each sample were transformed into qEEG metrics
through Fast-Fourier analysis.
Coherence measures were obtained through qEEG Neuroguide reports.
Neuroguide 2.6.6.4 includes a normative database of over 600 participants between birth
and 82 years (Thatcher, 2011). These reports provides measures of coherence in raw and
Z-score units. The Z-score measures were selected for analysis in order to minimize
individual differences due to neural development that occur in early adulthood.
MATLAB 2007b (Mathworks, Inc.) was used to extract the relevant coherence data from
the full dataset. Following John and olleagues (1987), coherence between a pair of
electrodes for a given band was defined as the cross-spectral power between the locations
normalized by dividing the square root of the product of the power at each site within the
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band. This data was then exported to Microsoft Excel and SPSS (version 24; IBM, 2016)
for final analysis.
Statistical Analyses
A priori power analyses were conducted to determine the minimum number of
participants required to have sufficient power in G*Power 3.1.7 (Faul, Erdfelder,
Buchner, & Lang, 2013). Descriptive statistics including means and standard deviations
were calculated across CSS total score, as well as inattentive and
hyperactivity/impulsivity subscales. To supplement self-report of ADHD diagnosis,
independent samples t-tests were conducted to compare CSS scores between individuals
with and without ADHD.
In line with previous research employing EEG coherence in children and adults
with and without ADHD (Barry et al., 2004; Clarke et al., 2005; Clarke et al., 2008b;
Dupuy et al., 2008; Barry et al., 2009; Barry et al., 2011) 16 sets of coherences were
included in the current analyses (short/ medium intrahemisphic inter-electrode distancesleft: Fp1-F3, T3-T5, C3-P3, right: FP2-F4, T4-T6, C4-P4; long intrahemispheric interelectrode distances- left: F3-O1, right: F4-O2; frontal interhemispheric regions- Fp1Fp2, F7-F8, F3-F4; temporal interhemispheric regions- T3-T4, T5-T6 and
central/parietal/occipital regions; C3-C4, P3-P4, O1-O2; see Figure 2.2). Descriptive
statistics including means and standard deviations were calculated for each coherence set
across the alpha, beta, delta, and theta bands. To assess possible influence of
medication, individuals diagnosed with ADHD who took medication were compared with
individuals with ADHD who did not take medication using independent samples t-tests.
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Principle Component Analysis (PCA) with varimax rotation was applied as an
additional data reduction technique. PCA is a traditional method of extracting essential
features from EEG data to allow easier representation or interpretation of their properties
(Vigario, Sarela, Jousmaki, Hamalainen, & Oja, 2000). Previous research using EEG data
from ADHD populations has employed PCA across each band separately (i.e., alpha,
beta, delta, theta; e.g., Gasser et al., 1988; Gasser et al., 1983). The current study
followed this approach due to the cited differential relation coherence has with ADHD
symptoms and diagnosis depending on frequency band (e.g., Barry et al., 2004). Prior to
analysis, the factorability of the 16 coherence variables within each band were examined
separately.
Within each band, it was observed that each item correlated at the 0.01
significance level with at least one other item, suggesting reasonable factorability.
Bartlett’s test of sphericity, which tests the overall significance of all the correlations
within the correlation matrix, was significant for the alpha (χ2 (120) = 2058.93, p <
0.001), beta (χ2 (120) = 1346.74, p < 0.001), delta (χ2 (120) = 1096.53, p < 0.001), and
theta (χ2 (120) = 1110.89, p < 0.001) bands, indicating that it was appropriate to use the
factor analytic model on these sets of data. The Kaiser-Meyer-Olkin measure of sampling
adequacy indicated that the strength of the relationship was at or above the recommended
value (KMO = .60; Dziuban & Shirkey, 1974) across the alpha (KMO = .72), beta (KMO
= .67), delta (KMO = .60), and theta (KMO = .64) bands; thus it was acceptable to
proceed with the analysis. Given these overall indicators, separate factor analyses were
deemed suitable with all 16 coherence pairs across each frequency band.
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To explore differences between EEG coherence activity in ADHD and control
groups, these groups were compared using two-tailed independent samples t-tests. First,
participants were compared across coherence components derived through PCA. A
Bonferroni correction was applied to compensate for the effects of multiple testing.
Groups were then compared using the 16 sets of coherences across all four bands. Again,
to compensate for the effects of multiple testing a Bonferroni correction was used;
however, in line with similar analyses, this was applied to each group of tests based on
region of interest (e.g., group differences in frontal intrahemispheric regions were
multiplied by a factor of 12 [3 electrode pairs, 4 frequency bands]; Adler, Brassen, &
Jajcevic, 2003).
The diagnostic validity of EEG coherence was assessed by means of stepwise
logistic regression. Logistic regression was chosen as this method has been shown to
produce fairly accurate results when studying categorical variables (Fan and Wang, 1999;
Lei and Koehly, 2000). When employing logistic regression, no assumptions are made
regarding the distribution of independent variables (Beewick, Cheek, & Ball, 2005), and
thus no transformation (e.g., Fisher’s Z) was applied to coherence Z-score values nor
components generated from PCA. However, independent variables should not be highly
correlated with each other when utilizing logistic regression; multicollinearity was
controlled for through PCA with an orthogonal rotation (i.e., varimax). The independent
variables for the regression model included all factors generated using PCA (as opposed
to individual electrode pairings; due to power restrictions).
Pearson’s correlation coefficients were computed to quantify the correlation
between EEG coherence parameters and ADHD symptomology, as measured by the
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inattention and hyperactivity/impulsivity subscales of the CSS. Coefficients were
calculated first between EEG coherence components ADHD symptomology, with a
Bonferroni correction for multiple comparisons. Additionally, coefficients were
computed between the 16 sets of coherence values; as described above, a Bonferroni
correction based on region of interest was applied.
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Figure 2.1. 10-20 placement of electrodes.
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Figure 2.2. Electrode Coherence Pairings.
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CHAPTER 3
RESULTS
A priori power analyses were conducted using G* power 3.1.7 (Faul et al., 2013)
to determine the sample size necessary in order to detect statistically significant results.
Power analyses were conducted for t-test and logistic regression analyses. For t-tests,
effect size was set for large effect size (d = .8), α error probability was set to 0.05, and
power (1-β error probability) was set to 0.80. In order to have adequate power, a total
sample size of 52 participants was recommended. For binary logistic regression analyses,
effect size was set for a large effect size (OR = 6.71), α error probability was set to 0.05,
and power (1-β error probability) was set to 0.80. In order to have adequate power, a total
sample of 126 participants was recommended. Although based on power analyses, the
current sample does not yield adequate power, results were still included due to the
exploratory nature of the analysis. For Pearson’s correlations, effect size was set for a
large effect size (p = .5) α error probability was set to 0.05, and power (1-β error
probability) was set to 0.80. In order to have adequate power, a total sample of 106
participants was recommend. Again, the current sample does not yield adequate power,
results were still included due to the exploratory nature of the analysis.
Descriptive statistics for participants with and without ADHD including means
and standard deviations of total CSS scores, as well as inattentive and
hyperactivity/impulsivity subscales are reported in Table 3.1. Independent samples t-tests

35

yielded significant differences between individuals with and without an ADHD
diagnosis across total CSS scores (t(68) = -5.57, p < .0001), as well as inattentive (t(68) =
-5.36, p < .0001), and hyperactivity/impulsivity subscales (t(68) = -4.66, p < .0001).
Descriptive statistics for participants with and without ADHD including means and
standard deviations of coherence electrode parings are reported in Table 3.2. Results
comparing individuals with ADHD who took medication with those with ADHD who did
not were non-significant across all electrode pairings, and thus medication was not
considered a confounding variable in the current analyses.
Principle Component Analysis
Components with eigenvalues greater than 1.0 for were extracted for each band
(Gorsuch, 1983; Stevens, 1996), using varimax rotation. Within the alpha band, initial
eigen values indicated that the first four component explained 50%, 14%, 12%, and 9%
of the variance, respectively. See Table 3.3 for complete rotated component matrix.
Within the beta band the first four components explained 36%, 21%, 13%, and 7%,
respectively. The fifth component had an eigen value just over one and explained 6% of
variance. Solutions for four and five components were each examined using varimax
rotations of the component loading matrix. The four-component solution, which
explained 79.43% of variance was preferred because of the leveling off of eigen values
on the scree plot after four factors and the insufficient number of primary loadings of the
fifth component (Comrey & Lee, 1992). See Table 3.4 for complete rotated component
matrix. Within the delta band, initial eigen values indicated that the first four components
explained 28%, 20%, 15%, and 8% of variance, respectively. The fifth component had an
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eigen value just over one, and explained 6% of variance. Solutions for four and five
components were each examined. Again, the four-factor solution, which explained
72.86% of variance was preferred because of the leveling off of eigen values on the scree
plot after four components and the insufficient number of primary loadings of the fourth
and subsequent components. See Table 3.5 for complete rotated component matrix.
Within the theta band, initial eigen values indicated the first five component explained
31%, 18%, 14%, 11%, and 7% of variance. See Table 3.6 for complete rotated
component matrix.
T-tests
Regarding independent-samples t-tests conducted to compare coherence
components in individuals with ADHD and without ADHD, prior to correction for
multiple analyses significant differences were found between individuals with ADHD
and individuals without ADHD on Beta Component 2 and Beta Component 3; however,
no significant differences were found after correction for multiple analyses. Complete
results from t-tests conducted using coherence component are reported in Table 3.7. In
terms of independent-samples t-tests conducted to compare electrode pairs, there was a
significant difference between individuals with ADHD (M = 0.40, SD = 0.60) and
individuals without ADHD (M = 0.82, SD = .50) on coherence scores from the F3-F4
coherence pairing within the beta band (t(68) = -3.14, p = .003). Complete results from ttests conducted on electrode pairings can be found in Table 3.8.
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Binary Logistic Regression
Prediction success overall was 75.7% (80.0% for ADHD and 71.4% for NonADHD; see table 3.9). The following components significantly predicted group
membership: Alpha Component 1 (b = -3.26, Wald χ2(1) = 6.64, p = .010), beta
component 2 (b = -5.90, Wald χ2(1) = 11.26, p = .001); Beta Component 4 (b = -.708
Wald χ2(1) = 4.58, p = .032), Delta Component 1 (b = 3.43, Wald χ2(1) = 1.18, p =
.004), and Delta Component 3 (b = -2.73, Wald χ2(1) = .956, p = .004). Theta
Component 1 was included in the model based on entry and cutoff values; however, this
factor did not significantly predict group membership (b = -1.155, Wald χ2(1) = .699 , p
= .099).
Pearson’s Correlations
Pearson’s correlation coefficients were computed to assess the relationship
between symptomology and coherence components (See Table 3.10). After correction
for multiple analyses, there was a positive correlation between Delta Component 4 and
inattentive symptoms (r = .357, n = 70, p = .002). Pearson’s correlation coefficients were
also computed to assess the relationship between symptomology and coherence electrode
pairings. After correction for multiple analyses, there were correlations between
inattentive symptoms and beta F3-F4 coherence (r = -.342, n = 70, p = .004; ), delta
Fp1-F3 coherence (r = .352, n = 70, p = .006), and delta Fp1-Fp2 coherence (r = .352, n
= 70, p = .006). There were also correlations between hyperactive/impulsive symptoms
and beta F3-F4 coherence (r =-.332, n = 70, p = .005) and theta F3- F4 coherence (r = .309, n = 70, p = .009). Refer to table 3.11 for a complete correlation matrix.
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Table 3.1. Mean CSS Scores.

CSS- Total

M

SD

5.942

6.444

13.914

5.992

5.885

5.676

ADHD

12.342

5.905

Non-ADHD

11.828

11.604

ADHD

26.371

10.163

Non-ADHD
ADHD

CSS- Inattention

CSS-Hyperactivity/Impulsivity

Non-ADHD
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Table 3.2. Mean Coherence Z-Scores
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Table 3.3. Alpha Band Component Matrix
Electrode Pair
FP1_FP2
C3_P3
FP2_F4
P3_P4
O1_O2
FP1_F3
F3_F4
F4_O2
C4_P4
C3_C4
T4_T6
T3_T5
F7_F8
T3_T4
T5_T6
F3_O1

Component Component 2
1
.989
.017
-.988
.000
.984
.017
.971
.026
-.951
.014
.928
-.057
-.820
.034
.775
-.183
.707
.107
-.659
.106
-.023
.964
-.032
.944
.022
-.025
.000
.260
.049
.478
-.396
-.102
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Component 3 Component 4
.006
.029
.010
-.041
-.019
.069
.126
-.041
.088
.042
-.065
.268
.922
.901
-.558
.122

-.066
.089
-.010
-.012
.232
.112
.391
.506
-.273
.322
-.061
-.010
-.016
.132
.538
.827

Table 3.4. Beta Band Component Matrix

P3_P4
C3_C4
O1_O2

Component 1
.926
.914
.907

Component 2
-.014
-.024
-.004

C3_P3

-.881

.031

.423

-.008

FP2_F4
FP1_FP2
T3_T5
T4_T6
T3_T4
F7_F8
F4_O2
C4_P4
F3_O1
T5_T6
FP1_F3
F3_F4

-.853
.808
-.003
.024
.017
-.039
-.302
-.060
-.633
.198
-.267
.330

-.039
.052
.937
-.926
.922
.749
-.274
-.116
.088
-.070
.007
.353

.255
-.342
-.115
.158
.018
-.068
.740
.713
.669
.535
-.011
.289

.337
.351
-.025
-.089
.185
-.112
.261
-.251
.191
.380
.860
.484
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Component 3 Component 4
.231
-.069
.133
.049
-.067
-.060

Table 3.5. Delta Band Component Matrix
Component 1 Component 2 Component 3
P3_P4
.903
.009
-.259
F3_O1
.892
.062
.154
C3_P3
.872
.058
-.376
F3_F4
.805
.017
-.365
C4_P4
.727
-.001
.201
O1_O2
.649
.092
.256
T3_T4
.090
.952
.009
F7_F8
.034
.945
.084
T3_T5
.211
.895
.029
T5_T6
.302
-.689
.506
F4_O2
.171
-.013
.790
C3_C4
-.107
-.055
.729
T4_T6
.178
-.225
-.412
FP2_F4
-.036
-.024
.165
FP1_FP2
-.322
.079
.250
FP1_F3
-.056
.164
-.022

43

Component 4
-.184
.065
-.203
-.144
-.091
.047
.079
.005
.104
-.065
.291
.141
.314
.822
.761
.666

Table 3.6. Theta Band Component Matrix

F3_O1
C3_P3
P3_P4
FP1_FP2
O1_O2
C4_P4
T5_T6
T3_T5
T3_T4
FP1_F3
FP2_F4
F3_F4
T4_T6
F7_F8
C3_C4
F4_O2

Component 1

Component 2

Component 3

Component 4

Component 5

.937
.935
.915
-.822
.773
.706
.069
.030
-.074
.192
.254
-.188
.157
-.081
-.222
.358

-.037
-.046
-.001
-.056
.010
.207
.941
.858
.770
.012
.023
-.161
-.129
.594
-.080
.215

.195
.188
.245
.043
-.055
-.200
-.096
-.054
.130
.847
.798
.754
-.120
.073
.147
-.288

-.010
.048
-.014
.038
.114
.013
.047
-.110
.588
-.129
.016
.093
.920
.772
.008
-.038

.033
-.122
-.039
.336
.165
.465
.106
-.030
.013
-.060
-.181
.408
.048
-.108
.862
.653
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Table 3.7. Independent Samples T-Tests

*p < .05
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Table 3.8. Independent Samples T-Tests Using Coherence Electrode Pairings.

Note. The following labels are used to determine frequency band: A- Alpha, B- Beta, DDelta, T-Theta; ** p < .01
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Table 3.9. Stepwise Binary Logistic Regression.

95% Confidence Interval
Odds Ratio
B

SE
B

Wald

.581

.382

2.320

Alpha Comp 1
Beta Comp 2
Beta Comp 4

-3.262
-5.899
-.708

1.266
1.758
.331

6.643*
11.255*
4.583*

.003
<.001
.257

Delta Comp 1

3.434

1.181

8.451*

3.061

Delta Comp 3
Theta Comp 1

-2.738
-1.155

.956
.699

8.202*
2.727

.010
.080

Constant

*p < .05
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Lower

Odds
Ratio

Upper

.038
.003
.492
30.99
7
.065
.315

.458
.086
.942
313.88
2
.421
1.241

Table 3.10. Coherence Component Correlation Matrix
Inattention
Alpha Component 1

-.190

Hyperactivity/
Impulsivity
.046

Alpha Component 2
Alpha Component 3
Alpha Component 4
Beta component 1
Beta Component 2
Beta Component 3
Beta Component 4
Delta Component 1
Delta Component 2
Delta Component 3
Delta Component 4
Theta Component 1
Theta Component 2
Theta component 3
Theta Component 4
Theta Component 5

-.038
-.063
-.143
.054
-.130
-.302*
-.195
-.159
.090
-.018
.357**
-.169
.122
.031
-.066
-.027

-.122
-.020
-.253*
-.174
-.100
-.148
-.207
.019
.010
-.105
.112
.098
.031
-.060
-.117
-.212
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Table 3.11. Electrode Pairing Correlation Matrix

Note. The following labels are used to determine frequency band: A- Alpha, B- Beta, D-Delta, TTheta; * p < .05, ** p < .01
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CHAPTER 4
DISCUSSION

The present study investigated qEEG coherence differences between young adults
with and without an ADHD diagnosis enrolled in post-secondary education. This research
is important because understanding ADHD from a neurobiological perspective can assist
in the accurate diagnosis of the disorder. Additionally, understanding the qEEG
correlates of ADHD yields clinical utility due to its portability, as well as the low-cost
and non-invasive nature of this technology. Improving the accuracy of ADHD diagnosis
is particularly salient in university settings, where best practice procedures are seldom
observed. To address this topic, the current study posed two overarching research
questions involving 1) the differences between college students with and without ADHD
on measures of qEEG coherence; and 2) the correlation of ADHD symptomology with
qEEG coherence parameters in college students, regardless of diagnosis.
Initially, the study explored group differences between individuals with and
without ADHD on principle components of qEEG coherence within alpha, beta, delta,
and theta bands. After correction for multiple analyses, results suggested individuals with
and without ADHD did not differ significantly across any component; however, several
limitations discussed below, including sample size and medication consumption, may
attribute to this finding. Although, when examining group differences using coherence
electrode pairs, individuals with and without ADHD differed significantly on the F3 – F4
coherence pairing in the beta frequency band. This differs from the findings of Clarke
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and colleagues (2008), who reported no differences between adults with and without
ADHD on measures of beta coherence. Research studying children has identified betawave coherence elevations in individuals with combined symptomology (Barry et al.,
2002); however, these findings were intrahemispheric and in central/parietal/occipital
regions. Consequently, further research examining beta-wave activity and associated
behavioral impairments in young adults is warranted
Five components were determined as significant in predicting ADHD group
membership (i.e., Alpha Component 1, Beta Component 2, Beta Component 4, Delta
Component 1, and Delta Component 3), yielding a sensitivity of 80% and a specificity of
71.4%. These findings suggest qEEG coherence may have utility in supplementing
current evaluation procedures for ADHD. A discussion of the included components is
provided below.
As displayed in Figure 4.1, Alpha Component 1 is comprised of short range
interhemispheric pairings within the frontal, central, parietal, and occipital regions (i.e.,
FP1-FP2, F3-F4, C3-C4, P3-P4, and O1-O2); bilateral short range intrahemispheric
pairings in frontal and central/parietal regions (i.e., FP1-F3, Fp2-F4, C3-P3, C4-P4); and
right hemispheric long-range pairing (i.e., F4-O2). Right intrahemispheric coherences,
bilateral frontal intrahemispheric coherences, and the interhemispheric pairing in the
parietal region were positively loaded on this component, indicating that higher
coherence scores were associated with higher component scores; the remaining pairings
were negatively loaded. Analyses suggest the odds of having ADHD were lower when
this pattern of coherence is present. This discovery is partially consistent with Clarke and
colleagues (2008), who found reduced alpha coherences in adults with ADHD as
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compared to controls; however, the current findings suggest this may only hold within the
right hemisphere and in frontal and parietal regions. As alpha-wave activity has been
postulated to be associated with inattention, these findings support the persistence of
inattentive symptomology into young adulthood.
Beta Component 2 is comprised of long range interhemispheric parings in frontal
and temporal regions (i.e., F7-F8, T3-T4), as well as bilateral short-range temporal
intrahemispheric pairings (i.e.,T3-T5, T4-T6; see Figure 4.2). The right temporal
coherence value was negatively loaded on this component, suggesting lower coherence
scores were associated with higher component scores; the remaining pairings were
positively loaded. Analyses suggest the odds of having ADHD were lower when this
pattern of coherence is present. Beta component 4 is comprised of a short-range
intrahemispheric paring in the left frontal region (i.e., Fp1-F3) as well as an
interhemispheric frontal pairing (i.e., F3-F4; see Figure 4.3). This component increases
with increasing coherence levels between both pairings, suggesting these criteria vary
together. Again, analyses suggest the odds of having ADHD are lower when this pattern
of coherence is present. While Clarke and colleagues (2008) did not report differences
between adults with and without ADHD within the beta band, previous studies including
children have suggested elevated intrahemispheric beta being present in children with
combined symptomology (Barry et al., 2002); however, frontal interhemispheric betawave coherence has not yet been documented in the literature. Additionally, the current
sample employed primarily females, while Clarke and colleagues (2008) included only
males. Research focusing on children with ADHD has found gender differences in
measures of coherence (e.g., Dupoy et al., 2008); however, these differences were found
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in alpha and theta-waves. Thus, future studies should consider gender differences in their
analysis of non-youth populations. Nonetheless, presence of beta-wave abnormalities in
this subgroup that are absent in all adults may be indicative of the neurodevelopmental
changes still occurring into young adulthood.
Delta Component 1 is comprised of short-range interhemispheric pairings in
frontal, parietal and occipital regions (F3-F4, P3-P4, O1-O2), a short range
intrahemispheric paring in central/parietal regions (C3-P3), and a long-range
intrahemispheric pairing (F3-O1; see Figure 4.4). This component increases with
increasing coherence levels within all pairings, suggesting all criteria vary together.
Analyses suggest, the odds of having ADHD were higher when this pattern of coherences
was present. Delta Component 3 is comprised of short-range interhemispheric paring in
central region (C3-C4) as well as a right intrahemispheric long range pairing (F4-O2) and
a short-range right intrahemispheric pairing in the temporal region (T4- T6; see Figure
4.5). The right temporal region pairing was negatively loaded on this component,
suggesting lower coherence scores were associated with higher component scores; the
other pairings were positively loaded on this component. Analyses suggest the odds of
having ADHD are lower when this pattern of coherence is present. Collectively, results
involving the delta band support Clarke and colleagues (2008) findings of reduced
hemispheric differences in coherence in individuals with ADHD, as the pattern predictive
of the disorder in the present study displays more hemispheric symmetry. Further, results
support delta abnormalities developing after childhood.
While Theta Component 1 (see Figure 4.6) was included in the model based on
cutoff values, it was not found as significantly predictive of group membership. This
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result supports Clarke and colleagues’ (2008) hypothesis of theta coherences normalizing
with age in individuals with ADHD. As such, it is logical that young adults with and
without ADHD would not differ significantly in theta-wave coherence activity; however,
future studies should explore adolescent and young adult populations carefully to
determine at which point in development theta-wave activity normalizes.
Regarding coherence component correlation with symptom presence, after
correction for multiple analyses it was found that Delta Component 4 was significantly
correlated with symptoms of inattention. This supports Clarke and colleagues (2008)
hypothesis that reduced delta activity is associated with inattention in adults. When
exploring the relation between electrode pairings and symptoms of inattention, scores of
inattention were positively correlated with beta (F3-F4) and delta (FP1-F3, FP1-FP2)
pairings. Regarding hyperactivity/impulsivity, symptoms were significantly correlated
with beta (F3-F4) and theta (F3-F4) pairings. Once more, these findings support Clarke
and colleagues (2008) hypothesis that theta activity is associated with hyperactive
symptoms. In studies employing children, beta activity has been associated with
symptoms of hyperactivity (Barry et al., 2002); thus, the current findings are partially
consistent with previous research. Additional studies must be conducted to understand the
relation between beta activity and inattentive symptoms.
Limitations
Despite significant findings, there are several limitations to the current study.
Concerning the population employed, ADHD diagnosis was confirmed by self-report.
The same difficulties with identification discussed in the current paper may be applicable
to the evaluations of these students when receiving a diagnosis. While presence of ADHD
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symptomology was supported through CSS scores, in order to achieve a more accurate
depiction of the group differences between individuals with and without ADHD, future
studies should confirm presence of ADHD using a multi-method procedure similar to
previously described best practice protocols. Additionally, despite the shortcomings of
self-report measures of ADHD, the CSS was used as the sole indicator of symptomology
in the current analyses and only one method of scoring was included; however, it should
be noted that participants would have little motivation to malinger symptoms within this
study. Nonetheless, future research including the CSS should explore differences between
scoring metric employed and may benefit from including multiple assessment tools to
measure dimensional aspects of the disorder.
Medication was not controlled for in the present study. While current analyses
suggest no coherence differences between individuals with ADHD who took medication
and those that did not, several neurological studies have indicated that ADHD medication
does affect brain activity (e.g., Clarke et al., 2002). Thus, including students who took
ADHD medication prior to completing the EEG may have confounded the results by
reducing group differences. Moreover, to better future analyses, exclusionary factors
should include consuming medication prior to attending session.
The current sample was primarily female, yet the disorder is more prevalent in
males (Gaub & Carlson, 1997). Still, the disorder’s presentation differs between males
and females (e.g., Lahey et al., 1994). Thus, employing an unequally distributed sample,
in addition to including both genders in the same analyses, yields results that are difficult
to interpret. Due to power constraints, the current study could not explore differences
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between gender. To better future studies, participants should be matched by age and
gender between groups, and analyses should specifically explore the effect of gender.
Nevertheless, limitations are not restricted to participant characteristics. Namely,
the sample size was small considering the analyses utilized. Due to the exploratory
nature of the current study, results were nonetheless informative; however, future studies
should include a larger sample size to improve power estimates and the ability to detect
smaller effects. The application of stepwise binary logistic regression poses a statistical
limitation (Henderson & Denison, 1989). This method has been shown to cause biases in
regression models, while losing valuable predictive information due to the selection of
variables based on statistical value (i.e., as opposed to being theoretically derived). While
the lack of previous research justified such exploratory methods, future studies should
consider alternative data analytic techniques. Additionally, due to power constraints,
electrode pairings were not utilized in the stepwise regression. The alternative use of
principle components yields imprecise interpretations.
Conclusion
The results of the current study suggest that young adults with and without
ADHD differ on measures of qEEG coherence activity. Likewise, qEEG coherence
parameters can predict group membership between young adults with and without
ADHD, thus providing tentative evidence that qEEG may be useful as a supplemental
diagnostic tool in post-secondary educational settings. Particularly, this may be beneficial
in the assessment of university students due to the current reliance on self-report
measures as well as elevated rates of symptom malingering. Coupled with the costeffective and portable qualities of EEG technology, this tool is feasible to implement.
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Additionally, the present findings indicate that symptoms of ADHD (i.e., inattention,
hyperactivity/impulsivity) are related to EEG coherence in young adults. Such
information is valuable in understanding the impairments experienced by young adults
with syndromal and sub-syndromal levels of ADHD. Altogether, as acceptance of ADHD
as a disorder that affects adults continues to increase, it is important to gain a thorough
understanding of the neural underpinnings that are associated with the presenting deficits
in this population to inform assessment and treatment.

57

Figure 4.1. Alpha Component 1
Note. Green indicates positive component loadings; Red indicates negative component loadings.

58

Figure 4.2. Beta Component 2
Note. Green indicates positive component loadings; Red indicates negative component loadings.
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Figure 4.3. Beta Component 4.
Note. Green indicates positive component loadings.
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Figure 4.4. Delta Component 1
Note. Green indicates positive component loadings.
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Figure 4.5. Delta Component 4
Note. Green indicates positive component loadings; Red indicates negative component loadings.
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Figure 4.6. Theta Component 1
Note. Green indicates positive component loadings; Red indicates negative component loadings.
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